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Error correction method for Reed*- Solomon product code. 

The present invention relates to' soft -decision decoding. of 
Reed-Solomon. product codes. It further relates to a system for . 
correcting errors ih a Reed- Solomon product code. 

For &ptxbal^ irllfcbrding media such as digital versatile tdlsks - 
(DVi>j*" : a--Re code is used for error \ 

correction. The da: t a frames include horizontal '^hd vertical 
parity data for correcting errors in the frame per rows , and 
column^. The data rows and columns of the frame constitute so- 
called product -codes. The outer code is a RS code (208, 192 , 17) , 
while, the. irmer^ qbde I is a RS code (182,172, 11) . Therefore/ ope 
data frame consists of 208*182=37856 bytes. 



Multipass .device s save., at least two data frames in a memory. 
One Sktja ^ input /output and the second- is 

eavisdiipr correction- Current systems save the data either in 
external" SDRAM or in internal SRAM. Due to*random accesses 
during, correction 'of ".the errors/ the SDRAM approach is 
significantly slower than the approach using internal SRAM. ' 

US •6/632; # 283;^disci implementation of a DVD cont^lleir*- 

The -input /output**- streaming .and correction is done in an 
external SDRAM*. For fast processing an internal SRAM is used. 
The s^drom)ep'var^. saved ih the internal SRAM, while correction 
is. don^^ln • "tbb. "external.. SDRAM /• During correction- the ,'brthogonal 
syndromes are- updated: with the error values.':-- Therefore,. . 
additional hardware, is. required, but the process ie 
accelerated. The. disclosed implementation has a disadvantage 
that random accesses to. the SDRAM are required, which >low ddwn 
the correction; The internal SRAM consumption for muktipags. 
cbrrep.t.ion* ir^ : that i^iementatipn ia" about 2*4992«9984 bytes . 

It . isV-.a-a-* objjept: .o£ the' invention to propose an improved,., method 
for .error correction. ■ -.v.: . 
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According to 'the fnverxtion, this object ie achieved toy,. ia. method 
for error correction of an encoded data etream comprising the 
steps of s .v.; 
$ - saving the demodulated data stream in a small input,- buffer? : : . 

- performing a first correction process on-the-fly in -th©:, input 
buffer:; ' -> £i *-, v 

- traWferririg the' data to an external SDRAM after correction; 

- copying a data .frame frotn the external .SDRAM to an embedded 

- starting a ^multipass correction in the embedded .SRAM; and 

- copying the corrected data frame back from the embedded SRAM 
to the external SDRAM.. 

The method uses a mixture, of external SDRAM and internal SRAM . 

15 The input/output streaming is performed by a comparatively., slow 
extei^ is performed in .ai^t : 

internal SRAM. Therefore, the data from, the external .SDRAM, are. 
copied', into the ' fast internal SRAM only for comotion^A'ftijBr 
the cbrriotipn' process , : the so-called "inner 1",. the data ie 

20 streamed back* :tb the external! SDRAM. In this way. the number of 
ranf3bm: : accesfies^o the external SDRAM is reduced. If >t he: : errors 
are sorted/ the -pinner 1": correction process and the transfer 
of the* data can be performed at same time. Furthermore,; the 
size of the internal-* SRAM is also reduced. The internal ."SRAM 



25 correction sxnrplif ies the hardware complexity durxng the 
correction process, 



Pavbur^ly< .the, data, stream is encoded with a Reed- Sermon;' 
product ^code, ; This type of .error correction code is widely usee 
30 for coding data-Btre^ms:' on recording media'/- ' : '• 

A method, according to the invention is advantageously^pe^^ 
by a 'device for error correction .of an encoded data streatn/; 
Such a\deviQe fsae ' thef advantagre. .that ' the required SRaM/ahcT the 
35 randfoih^acaesiM% , ^fcQs•%lha -SDRAM : are reduced. FurthermoreV'due. to 
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the .internal SRAM', approadh high multipass correction la- ' Ts- • 
enabled * tn ■ ' -*•>•. 



Favourably, a method or a device according to the invention is 
uaed 'by--aLn apparatus for reading from and/ or writing '*s&yr- ■ 
recording media*.- . . * . 

' " ^*?}, : ~..*, " . • • "."V. i^;i:.v 

For a better understanding of the invention, an exemplary 
embodiment is specified, in the following description .with 
reference to thfe/- figures.. It is understood that the i^di^ion 
is not . lithited and that -fepie'eifiea 

£eaturfes?*£^^ be combined and/or .modified*- • 

without, departing from the. scope of the present invention, ln : 
the figures: . ^ « . .I/.".' 

PigV"i"7^ 'shows a .block diagram of acquisition and the 
horizontal pass 1; 

Pig. 2 " shows ^the 'process' flow of the multipass correation; 

: ; . :-'.>;«- ■ . ■v^fc-".-":' -":-» V^. ■ . * --.wV..- 5 -' ;V : 

Pig. 3. ©hows a data flow timing of SRAM2/SDRAM. • 

In .th^£pllowing,.th!e. invention, is described with reference to 
opt.i43f.3i; systems' used for ; digital versatile,. disks . Of 'course , 
the 'invention's also' applicable '. to other* types! of disk - ., 
systems. .• - • • 

On a DVD the input, data are packed in ECC blocks. An "error. r • 
correction., cjo'de, ,(ECC). . block comprises. 2 08 rows times - 3L82, • . 
columris..of SY^olS/.. : wh0reby one symbol corresponds to ojia-- byte . 

decoding a "bVD data frame the following procedures : are 
performe!:/ ^'"'^ \ c v /; 4 / ' / - 

v* - '•"^7^?'^^ -sort the - data according to the frame nujpbers 
• .Deinterleaye . the BCC blocjc 
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Vr" .; : ' . - 4 - : V V . . 

• Correct BCC horizontal (PI -correction; inner correction) 

• Correct BCC vert ical (PO-corr®ction; outer correction) 

• Multipass.;' Perform; horizontal and vertical correction 
. again, „ -i.f ». necessary . - 

5 • beecramble data frame 

• \^B^t t oxm f J^Q "(error detection code) check on datal*£^&tne 

Two' types of K corrections aire processed in the data fiowY v '' 

• Horizontal! correcting 208 rows with (182,172,11) RS codes 
10 • Vertical r correcting*. 182 columns with (208 , 192 , 17) V/ RS. 

codes- \ : . : ' •' : ):: ; - : iJc^.y.^": 

According ^ to .-the^dnvenfeion an input buffer 2 and one -SRAM bank 
11 holding.: the d^fea s for one ECC block, is uoed;. The first 

15 correction pass.,, the -.ap-called. 11 innerl 1 ' correction, is, done on- 
the-f-iy,;^ correction is done in the. embedded 

BRftM'^Sagk. 11 B/ t .A->rief ..description of the d^ta-fa.ow of-^he* two 
correction processes is . given in the following.- . 
For the. first correction process, the demodulated data. 'stream 

20 of a set BCCn is . saved 'in' a small embedded SRAM1 2, ref erred as 
input "buffer".,. .The correction of the set ECC n is performed on- 
the-fi^ in' 'the # ten^edded."s.RAMl 2. After correction of innerl the 
data 'q£ 'the V6t'*BCCa 'are transferred to an external SDRAM 3 . 
Por^ the second correctiqn'process, after receiving a "full set 

25 of BCC»' v in the ; vexternal SDRAM* 3 the multipass corrected: ; ^st a of 



a previous "set EGC a -i' is read out from the embedded SRAM2 : "'ll 
back to ; :the external 'S15RAM 3* while the blodk ECd* is copied f roi 
the SDRAM 5 'to the SRAM2 11. After receiving a' full set /of ECCf a 
in the eiribedded PRAM2 ii* . the multipass .correction is : jstarted. 
30 Both processes work independently from eaoh other. • 

in Eig. .. l a. block- "diagram of acquisition and the horizontal' 
pass 1 is shown.- -An input controller i eaves one row of .'ECC» in 
the input buffer 2. The. input controller 1 detects streaming • 
35 discontinuities^ '. 'Any discontinuities of less than one "row" 



25 



30 
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(byte/frame) are corrected immediately in the .input buffer 2. 
If streaming discontinuities of more than one row are detected, 
this information. is .stored and the row is written to the ; 
correct 'position bf'"£he SDRAM 3 by a de inter leaver 4< -^fter 

5 eompieting.ohe .rbW/. the input controller 1 starts a hbrijsQhtal 
syndromes unit-- 5 , The" "horizontal syndromes unit S re^dsVlihe row 
from^the i' ; ^hE^*buffer';2 and computes modified syndrome^and an 
erasure 'poly^p-toial. A"' "key solver and Chieh.unit' 6 solves, the 
equation and . transfers the error values and positions to a . 

10 correction, unit 7 . The positions of the first ten acquisition 
errors are stored in" a first erasure memory 8. The correction 
unit 7 corrects the 'data of block ECC n in the input buf fer '2 in 
a bytewise access; row ..by row. J .J f a row is unqorrectabib^/^he: 
row number, is marked? as uncorrectable '. Therefore, a . status -bit- • 

15 is attached.- to; the row, . indicating if the obtained aodtat^& is 
eor ^^|%< J ^^ 'After correction one row,' the row ie*^'»?' :i ' 
transferred :^t'b'.,the external spRAM 3 via the deinterleaVer V, 
taking into account the' row number information from the input 
controller i . If .necessary, the deinterleaver 4 jumps row-wise 

20 in the SDRAM 3 to ; correct streaming discontinuities ^eteotrid^by 
the input controller 1 After acquisition of one complete 'ECck,. 
the secdnd-'proeess t^i^tipajBS- 'eorreptibn is .initiated,;^ ' 



^®5 : . : ..^ caivili 9 'one'fuil aet'of ECC n in the SDRAM .3, the^ta • V 
are edited 'to.:the ^ sra^ :u / .poii'le new ECC is etreafnadS&^^h.': 
tne . ;f '%>'■' y^ical' and subsequently /the multipass : 
correctiion iaoperf orrte'dV in. the - embedded SRAM2 11 . The^ptfo'cess 
flow of. the. multipass correction is- shown ih*Vi^. 2. 'in th'e* " 
figure , ' in case a pair, bf numbers is given ; the numbers^ ^n ^ • • " : 
brackets refer.: to: 'horizontal correction/ while the xmxt&ei&-''' 
without .brackets J^t&v.'.bo-^^£a'ell correction. A copy omit '9 "< 
copies; .the data..;of the --ptfe into the- embedded SRAM2 llTVt •.< 
further writes eke. status .bit into the status memory i£ bf • £he. 
* x ^*£"^***f '^?' a ?&y&** -" th ® erasure positions of 
35 ymt^^^^^vriem^'^xOi are; written, into a second' erasure 



memoiy. ^p . The., second ^erasure 



:a... 



memory 16. stores . the.-pbsi"'bi6ns--of- 
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15 



20 



25 



30 



' : -. ' ' - 6 - 

up to .16 rows/ 10 columns, which were uncorrectable in the' ■ 

previous; corruption; process . After receiving a full KCCyk 

c ^"^?*' .'A^y;^- 8 s.tarfcu. The .control unit 14 reads the last 

^ir^B®^- statue, .9f th^; codeword from the status memory v'l2V. 

According to:;;this. .status/' the process for the codeword-is/' ;• 

stax£ia&is ^e^y^oine.-|fe.i^r^t6r 5. reads the; erasure o^tbe las 

orthog^al p^oVess and computes the syndromes of the.-codUword-- 

After computation of the syndromes, it starts the key solver 

and Chien 6 search algorithm with the syndromes and the last 

orthogonal erasure positions. The correction unit 7 corrects 

^; fc ^ ck ^^.t]ie; 8R^ ii : in a bytewise access, saving the 

statu© of" Xhev6o'dewo*d back into, the status memory 12. /in".- 

output /descrambier i3 s: deserambies the data stream, peVfortte- an 

EDC ..^^.?jS' .^.?^? pi ®^:* he '. d ^ t a t%ck to a DRAM track buffer." 

* r **V . 13. Wy further perform a^t&tor 
filtering. "" .A''.:V • * • ; '^^ £ Vy . >:'•. ; , t . 

The memory needed. fODr the process flow can be Butranarl'pe^ap : 

follows: ;> " ^V" : 



• ..Erasure, Memoa^l , .10 bytes per row of SRAM1 ; 

• .. .©talius >.$eii\ory, ,'.i.ao ; bit =:.49 bytes .. 

jSrasure'.Heniory^ '.'£6. bytes / » ■• .i,-j. ; ;t-./ ' 

• :-:SBAMl < 4kbyte:ir- : • • 



. A.' . .... 



;" . ; • . _ ........ 



;-V.-,*."' 



Figure 3 shows a more detailed ..timing structure of the ;sram. 
behaviour. The streams -between SRAM and SDRAM reduces ^the : : 6ime 
left for multipass correction. Prom the figure it can , b<a seen 
that '.the -two. processes ^described" in Fig:. 1 and Fig. 2 a'^e" 
decoupled.. . .TJ^e. -.stream i^rom-tbe input buffer 2 to the SDRAM -3 '. U 
critically temporally jinked to £he data input, whereas "the 
stre ^v. f yom the. ?DRAM 3 to the SRAM2 il and from the SRAM2 11 
to the..^D^AM.;.3 oan be transmitted discretionarily whenever the 
bus to* the SDRAM : 3 is empty. This only depends on the /spe'fed of 
35 the SDRAM buffer. 
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Claiittis'- ?-'v; . r. i* : :* v" 

1. viyrefc^^^ fcf an encoded data sttfe&m 

comprisxhg '^h^ '&fc&pW 1 ' o£ : J . . ?; ' ' 

5 . - saving the* 'demodulated data, stream in a amal.1 input., buffer • 2 ; 

- performing a first , correct ion process on-the-fly in., the input 
buffer 2; • \ . . ' : 

- traris'ferrihg.V.the data to an .external SDRAM 3 after . 
correction; ' r ... . \ v .- v; 

10 - . copying a d^ta f raine from the external SDRAM 3 to an., embedded 
SRAM* 1,1; ■ r \*. ' ' : 

• - starting a- -multipass correction in the embedded SRJ&Cti; and 

- cojpyins; th^fe^ryected -data frame back frofti the embedded SRAM 
11 td./tfe© exfcfeipnal sb^AM'3-. ■ - t /• v • ] 

is " ^' . . ..." * . - . . 

2... Method according to. claim 1, characterised in that 'the", 
data stream, is.. encoded with a Reed-Solomon product cod£. 

3. "Device :f or err6r correction of an encoded, data stream, 

20 crtbrctotiriked^ perf orms a method' according 6£ * 

cXfeiinfrH or ' 2 . -\ r ; ■ . -Vy v 

4. . . and/ or writing.,, to recording 
media, ^;<ita it: usee a method atccording to 

25 anyone of claims 1 to 2 or comprises a device according to 
claim 3, : f or, errb jr. -correct ion . of an encoded da^ta • stream^' ■ ~ . . : - 
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Abstract 

Error. ij4rreej£ioii method' for- Reed- Solomon product - code'.?>. 

5 The. present .. invention relates to. soft -decision decoding < 
Reed- Solomon product codes. . "-* •• 

According .tp,the. invent ion , a method for error correction o f - ai 
encoded. data. stream comprises the steps of; 

- saving -the demodulated data stream in a small input buffer 2; 
10 - performing a first correction process on-the-£ly in the .input 

buffers ; 

- transferring .the data to an external SDRAM 3 after ' /.- 
oorr0o:t'ion;---\:>-< t ~X . >.:L - * ■ .- • 

- copying a d&t'fi. f ramS from the external SDRAM 3 to aii,.embedde< 
15 SRAM 11; ' \ \' . "'" ' '■' 

- starting a multipass" correction in the embedded SRAM-; 11? and 

- copying the ' bqrrec%ed data frame back from the. embedded SRAM 

11 to the External SDRAM 3.- 

.% ■ -„ - :>:,•.-.:--= .:.»:*• .- .. -, ■ ...... • h'-: r.:;- .v. 

• '»'-"*■- ■' '• "-' ' '•• ' • -o .. i '.v .-.*.-". •<.-. v.:.- 

20 (Fig, r . 2.X. 



PD030074IESP*Su*090703 



1/3 



CO 



a ■ 


1 




s|. 38064 Byte/ECC 


1 


* x 



3T 



38064 Byte/ECC 



2 CO 



* * **. • . 

■ r. 



208 RW/ECC 



2080RW/ECC 

# H 



2bea rw/ecc 



a 



8,8 



Q 



.37856 Byte/gqa 



'lb 



51 11 



37856 Byte/ECC 



CM 



f 



2080 Byte/ECC 




2080 Byte/ECC 



I 



1 1 . . • 



.i 



2/3 



3 



.cn 



8 



208 RW/ECC 



SDRAM 



o 



Copy 



V 1 



60 



o 



9 



g-4 
3 



Output/ ! 
DescramWer 



13 



Erasure 
Memory2 



7S~ 



v-sO 

to O 



o 



3 



^8 

Si uJ 



S3 



SRAM2: "Correction Memory" 



Control . 



13 



to 



CO 



11 



N3 

2 
to 



■3 



hdnzV/veit? 
syndromes 



x 14 



KeySolver 
&Chfen 



So 

By 

CM > 
CM . 



Correction 



6 



Status ' 
Memory 



fr- 



16 erasure per column . 
(10 . erasures per row) 



•12 



a ^ 



'i .. ... * 



Fig. 2 



rr3' xjf oo *zt : io£, fg '. xif 

FD030074IPSP*SU*090703 

3/3 




PCT/EP2004/007158 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

/Q'L INES OR MARKS ON ORIGINAL DOCUMENT 
^□"REFERENCE(S) OR EXHIBIT(S) submitted are poor quality 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



